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The results of numerical research on dependence of absorbed dose on energy spread of electron beam with two-
sided irradiation are presented in this paper. The dependence of change in value of absorbed dose in the critical point
on spectrum width of electron beam is shown. The dependence of dose uptake ratio on energy spread of electron

beam is found.
PACS: 87.53.Bn

INTRODUCTION

At present, among the radiation-technological proc-
esses the technologies of disposable medical products
sterilization are of a great importance, for they are di-
rectly connected with human health and life activity.
Despite the fact that today thermal and chemical meth-
ods of sterilization are widely used as well as gamma
radiators, in many developed countries the method of
sterilization by electron beams generated by industrial
high-power accelerators is becoming more and more
popular [1]. However, this method has several draw-
backs, one of which is strong dependence of dose up-
take ratio on electron beam energy. For example, in case
of using two-sided irradiation, a 1% change of electron
beam energy can result in 7% change of absorbed dose
value in the critical point. For timely detection of main
parameters change there is a dosimetric wedge and de-
vices for measuring absorbed charge [2]. The most
probable and average energies of electrons are consid-
ered to be the electron beam main parameters, the
change of which can be detected by these devices.
However, the authors consider the spectrum width (of
energy spread) of electron beam also to be an important
parameter. In previous papers the authors showed that at
two-sided irradiation the change of spectrum width of
electron beam can affect the absorbed dose distribution
more significantly than it is commonly believed [3].
After all, it is still unknown to what extent energy
spread of electron beam affects the absorbed dose dis-
tribution. To answer this question, in this paper the re-
search on dependence of absorbed dose value in the
critical point on spectrum width of electron beam has
been carried out by means of computer simulation.

MODEL AND RESULTS

At present, one of the basic ways to solve such prob-
lems is computer simulation by Monte Carlo method of
generation processes of ionizing radiation and its propa-
gation through heterogeneous objects. The basic calcu-
lations were carried out by means of specialized soft-
ware module ModeRTL, which is included in program
package RT-Office intended for simulation of radiation-
technological processes [4].

In the paper a 3D model of sterilization facility is
used. Its diagram is shown in Fig. 1.

308

Electron

heam
Scan magnet
Scan horn
Height of
sean horn
Window end of
Width of |scanning the scan horn
Distance B_ _ .
scan-conveyer e e
Thickness of
Boundary Center packaging

Thickness of

target

Y
Conveyer
X platform

Irradiated : target

Thickness
of additional

packaging

Width of target

Z

Fig. 1. Diagram of sterilization facility

It was suggested that spectrum of electron beam had
a triangular shape, which is commonly used during ex-
perimental data approximation.

The function describing the spectrum is as follows:

h(E_Emin)/(Ep _Emin)’ Emin <E< Ep
y(E): h(E_Emax)/(Ep _Emax > Ep <E< Emax
0, E<E_ VE>E

min max
b

where E,, is the most probable electron energy in beam,
E E__ are minimum and maximum electron ener-

gies in beam, h=)E, )ZZ/(EMX_EW) is maximum of func-
tion V£,
Parameters E

min >

E, and E_  are connected with
values of the average energy of electrons in beam FE
and full width of spectrum on the half of maximum £

by the following formulas: E‘“i"zl'SE‘”'_E“’_O'SEF,

Eypy=15E, +E,~03E,

Due to these formulas it is possible to derive values
of maximum FE and minimum £ spectrum

wmax wmin

width, with given values £, and £, :
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E, =15E,-15E, E, =15E,-05E,
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During the research a series of numerical experi-
ments has been carried out. The value of the most prob-
able energy of electrons in beam ranged from 1 to
10 MeV, and ratio E,/E,, took values from 1 to 1.4.
The following materials were considered as targets:
water, polyethylene and aluminum. Target optimization
was carried out with minimum £ maximum E,

and average spectrum width of electron beam FE,
(E,/E,=0.5).

Fig. 2 shows the change of absorbed dose value in
the target center at two-sided irradiation in case of in-
crease of spectrum width of electron beam (target opti-
mization was carried out with minimum spectrum width
Ewmin ’E,, /Eav =1 )
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Fig. 2. Change of absorbed dose value in the target
center with increase of spectrum width of electron beam

Fig. 3 shows depth distribution of absorbed dose at
different values of spectrum width E, (polyethylene

target optimization was carried out with the average
spectrum width E ., E, =5 Meyv, E,/E, = 1)
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Fig. 3. Depth distribution of absorbed dose;
1, 2 — distribution of absorbed dose after one-sided
irradiation from opposite sides with E ; ;

3, 4, 5 — distribution of absorbed dose after two-sided
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Fig. 4 shows the change of absorbed dose value in
the target center at increase and decrease of spectrum
width (target optimization was carried out with the av-
erage spectrum width £, 5, £, =5 MeV).

As follows from the above Figures, the absorbed
dose value at decrease of spectrum width changes more
significantly than at increase. Also it should be observed
that at spectrum width decrease the change of absorbed
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dose value in the critical point leads to increase of dose
uptake ratio.
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Fig. 4. Change of absorbed dose value in the target
center at variation of spectrum width of electron beam

Fig. 5 shows the change of absorbed dose value in
the target center at decrease of spectrum width (target
optimization was carried out with maximum spectrum

width £, ., E, =5 MeV).
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Fig. 5. Change of absorbed dose value in the target
center at decrease of spectrum width of electron beam

As follows from Fig. 5, the decrease of spectrum
width can change the absorbed dose value in the critical
point more than twofold.

CONCLUSIONS

Taking into account the obtained results we con-
clude that during sterilization of products by electron
beams it is necessary to carry out target optimization
with minimum spectrum width, for in case of spectrum
width increase, the dose uptake ratio will decrease in-
significantly and this will not have any profound effect.
Otherwise, at decrease of spectrum width, the dose
value in the critical point can change significantly,
which will lead to sharp increase of dose uptake ratio.

It should be noted that not taking into account spec-
trum width can negatively affect the quality of products
sterilization. That is why it is necessary to expand the
range of instruments for electron beam diagnostics,
which will allow to forecast accurately possible devia-
tions of absorbed dose values.
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BJIUAHUE SHEPTETUYECKOI'O PABBPOCA DJIEKTPOHHOI'O ITYUYKA HA PACIIPEJEJIEHUE
MOTJIOIIEHHOM JIO3bI

B.T. Jlazypuk, B.M. Jlazypux, I.®. Ilonos, FO.B. Pozos, I.3. Capyxauan, B.B. Bepewaka

[IpuBencHBI Pe3ybTAThl YUCICHHOTO UCCIICAOBAHMS BIMSHUS SHEPIeTHYSCKOTO Pa3dpoca 3JICKTPOHHOIO MydKa
Ha pacrpejelieHne NOTJIOMIEHHOH /03Bl MPU JBYCTOpPOHHEM 00iy4eHHH. [IokazaHO M3MEHEHHe 3HAa4YeHUs MOrJIo-
EHHON 03Bl B KPUTUUECKOW TOUKE B 3aBUCUMOCTHU OT IUUPUHBI CIIEKTPa AJIEKTPOHHOTO MyUYKa. Y CTAHOBJIEHA 3aBU-
CHUMOCTh K03(p(prIrieHTa HEOTHOPOTHOCTH TOTIIOMIEHHOM O3Bl OT SHEPTETUIECKOTrO pa3dpoca 3IEKTPOHHOTO MyKa.

BILIMB EHEPTETUYHOI'O PO3KHUAY EJJEKTPOHHOI'O TYUKA HA PO3HOIIJIEHHS
HNOIJIMHEHOI 103U

B.T. Jlazypux, B.M. Jlazypux, I.®. Ilonos, I0.B. Pozos, I.E. Capyxansn, B.B. Bepewaka

HaBeneHo pe3yibraTu YUCEIBHOTO JOCIHIIKSHHS BILTUBY €HEPIeTHYHOTIO PO3KH/LY EIEKTPOHHOIO ITyYKa Ha PO3-
TOT1JT TIOTIIMTHEHO1 103 MPH ABOCTOPOHHBOMY OmpoMiHeHHi. [Ioka3zaHo 3MiHy 3HaYSHHS MMOTIMHEHOI O3 B KPUTHU-
YHI} TOYIII B 3aJIEKHOCTI BiJ IMPUHH CIIEKTPA EIEKTPOHHOTO My4YKa. BCTaHOBIIEHO 3alIeXkKHICTh KoedillieHTa Heo -
HOPITHOCTI MOTJIMHEHOT T03H BiJl CHEPTETHYHOTO PO3KUY CJICKTPOHHOTO MyYKa.
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